ABSTRACT. Some japanese plum (Prunus salicina) cultivars are particularly prone to erratic fruit set showing very low or even null fruit set for reasons that are not clear. To ascertain the causes of lack of fruit set in some of them, different factors intervening in the reproductive process have been evaluated using flowers of three cultivars, Angeleno, Rubirosa, and Sweet August, from commercial orchards with records of very low fruit set in previous seasons and compared with a producing cultivar, Simka. Different cultivars coincident at flowering with the cultivars studied were evaluated as adequate pollenizers in each orchard. To determine which factors that intervene in the reproductive process could be related to the lack of fruit set, microscopic observations of pollen germination, pollen tube growth, pollen-pistil incompatibility, and ovule development were analyzed in flowers of different pollination treatments. Results allowed dismissal of pollen viability, pollen transfer, and pollen-pistil incompatibility as the cause of lack fruit set. However, the observation of ovule development revealed a high incidence of premature ovule degeneration on final fruit set in the three low-producing cultivars. The lack of fruit set in orchards with no apparent adverse environmental conditions is traditionally studied by analyzing the pollination process and the pollen-pistil incompatibility relationships, but the stage of development of the ovules is not usually considered. The approach used in this work may prove valuable to other species and situations of lack of fruit set, which could help to identify the causes for premature ovule degeneration.
Japanese plum is widely cultivated in temperate zones since its introduction in California from Japan in the 19th century (Faust and Surányi, 1999) . The term japanese plum originally was applied to Prunus salicina but currently does not correspond to a pure species but it comprises a heterogeneous group of diploid fresh-market plums that were derived from the interspecific hybridization of the original species with other diploid Prunus (Byrne, 1989; Faust and Surányi, 1999; Okie, 2006) . World production of japanese plums has been increasing in the last decades (Hartmann and Neümuller, 2009; Okie and Hancock, 2008) , and an important renewal of plant material is taking place with the introduction of new cultivars from different breeding programs (Okie and Hancock, 2008; Okie and Ramming, 1999) .
The proportion of flowers that develop into fruit is much lower in japanese plum (Guerra et al., 2010) than in other Prunus species (Bradbury, 1929; Dicenta et al., 2002; Dorsey, 1919; Harrold, 1935; Hedhly et al., 2007; Kester and Griggs, 1959; Lech and Tylus, 1983; Rodrigo and Herrero, 2002a) , but the higher number of flowers produced usually results in adequate fruit production (Hartmann and Neümuller, 2009; Okie, 2006) . However, some japanese plum-type cultivars are particularly prone to erratic fruit set showing very low or even null fruit set for reasons that are not clear (Hartmann and Neümuller, 2009; Okie and Weinberger, 1996) .
When no apparent adverse environmental conditions occur during flowering and fruit development, determining the biological causes for lack of fruit set is frequently difficult in fruit trees. In Prunus species, flowers have a unicarpellate gynoecium (Sterling, 1964) . The ovary contains two ovules, and fertilization of at least one of them is required for fruit set, because Prunus species are unable to bear fruit parthenocarpically (Hartmann and Neümuller, 2009; Sedgley and Griffin, 1989) . One of the two ovules, the primary ovule, continues growing in the days after anthesis and can be fertilized and become a seed; the other, the secondary ovule, arrests its growth and usually aborts. Thus, a number of factors intervene in the reproductive process leading to final fruit set. These include pollen viability, pollen transfer to the stigma, pollen-pistil incompatibility reaction, synchrony between pollen tube arrival to the ovule and embryo sac maturation, fertilization of at least one ovule, and successful early embryo development (Bradbury, 1929; Dorsey, 1919; Harrold, 1935; Hormaza and Herrero, 1996; Pimienta and Polito, 1982; Rodrigo and Herrero, 1998) . Although these processes have been analyzed in different Prunus species, the reproductive behavior of japanese plum-type cultivars is not known, and this may be one of the reasons for the lack of fruit set obtained in some new cultivars (Okie, 2006) .
Traditionally, the factors intervening in the reproductive process have not been considered as a cause of low fruit set in japanese plum, although some male sterile cultivars have been reported (Herrero and Salvador, 1980; Ramming, 1995) . However, pollination factors have been related to fruit set in different cultivars and situations in the last years (Guerra, 2011; Jia et al., 2008; Sapir et al., 2008a Sapir et al., , 2008b . Japanese plum, like other Prunus fruit tree species, exhibits gametophytic self-incompatibility, a widespread mechanism in flowering plants, which prevents selfpollination and, thus, promotes outcrossing (De Nettancourt, 2001) . Although some self-compatible cultivars have been reported, most japanese plum-type cultivars are self-incompatible and need pollenizer cultivars coincident at flowering interplanted in the same orchard to ensure fruit set (Guerra, 2011; Guerra et al., 2009 Guerra et al., , 2010 Halász et al., 2007; Okie and Weinberger, 1996; Sapir et al., 2004) .
'Angeleno', 'Rubirosa', and 'Sweet August' exhibit good production in some commercial orchards and seasons, but records of very low or null fruit set have been observed in some orchards. To ascertain the causes of lack of fruit set, the reproductive process has been evaluated in open-pollinated flowers of these cultivars (Angeleno, Rubirosa, and Sweet August) and compared with the producing cultivar Simka. To determine which factors that intervene in the reproductive process could be related to the lack of fruit set, microscopic observations of pollen grain germination, pollen tube growth, pollen-pistil incompatibility, and ovule development were analyzed in flowers from the three low-producing cultivars and the productive cultivar Simka. In 'Rubirosa' and 'Sweet August', for which no information about their pollen-pistil compatibility is available, self-and cross-pollinations were carried out in both orchard and laboratory conditions. Fruit set and fruit drop were followed until harvest in each pollination treatment.
Materials and Methods
PLANT MATERIAL. Three japanese plum-type cultivars with records of very low or null fruit set in previous seasons were analyzed. Cultivars Rubirosa and Sweet August were analyzed in an orchard located in Elvas, Portugal, and cultivar Angeleno in an orchard located in Villanueva de la Serena, Spain. These three low-producing cultivars were compared with the productive cultivar Simka located in Zaragoza, Spain. Three trees of each cultivar were used to evaluate the reproductive process and characterize their fruit set. Different cultivars coincident at flowering with the cultivars studied were evaluated as potential pollenizers in each orchard (Table 1) .
To identify adequate pollenizers, pollen viability of the cultivars studied and of potential pollenizers coincident at flowering in each location was evaluated: 'Black Jewell', 'Champion', 'Hiromi Red', 'Rubirosa', 'Sweet August', and 'Sybarite' in Elvas; 'Larry Ann' in Villanueva de la Serena; and 'Songold' and 'Simka' in Zaragoza (Table 1) . Pollen was obtained from flowers of each cultivar collected at the balloon stage, to which anthers were removed and placed on paper at room temperature during 24 h until anther dehiscence. Pollen was then sieved through a 0.26-mm mesh and stored at -20°C until required. Pollen was scattered on a solidified germination medium consisting of 0.3 M sucrose, 0.6 mM Ca(NO 3 ) 2 , 1.6 mM H 3 BO 3 , and 0.8% of agar in polystyrene petri dishes (60 · 10 mm). Pollen was germinated for 24 h at 20°C and then frozen at -20°C to arrest pollen germination. Preparations were thawed during 24 h at 4°C, stained with 1% (v/v) aniline blue in 0.1 N K 3 PO 4 to stain callose (Linskens and Esser, 1957) , and observed under a fluorescence microscope (DM2500; Leica Microsystems, Wetzlar, Germany) equipped with ultraviolet epifluorescence with a BP340-390 exciter filter and a LP 425 barrier filter (Leica Microsystems). A pollen grain was considered viable when its growing pollen tube was longer than the pollen grain diameter (Fig. 1A) . Viability was recorded in two petri dishes for each cultivar by counting viable and nonviable pollen grains in three fields per plate, each field containing 100 to 200 pollen grains. From these data (six replicates) the percentage of viable pollen grains of each cultivar was estimated.
FRUIT SET AND POLLEN TRANSFER IN ORCHARD CONDITIONS. A group of flowers (439 to 1555) from each cultivar studied (Angeleno, Rubirosa, Sweet August, and Simka) were left untreated for open pollination (Table 2 ). Weekly counts of flowers and developing fruit from anthesis to harvest were carried out to ascertain final fruit set.
To study if pollen was correctly transferred to the pistils in orchard conditions, pollen arrival and germination at the stigma was evaluated in 40 to 50 open-pollinated flowers for each cultivar. Flowers were collected at the petal fall stage and fixed in alcohol:acetic acid (3:1) (Williams et al., 1999) . For microscope preparation, the fixed pistils were washed three times for 1 h with distilled water and left 24 h in 5% (w/v) sodium sulphite at 4°C. The next day, the pistils were autoclaved during 8 min at 1 kgÁcm -2 in 5% sodium sulphite to soften the tissues (Jefferies and Belcher, 1974) . Pollen grains were monitored on squash preparations of stigmas and styles ) with the same staining procedure used to determine pollen viability and observed under a microscope (BH2; Olympus Optical Co., Tokyo, Japan) with ultraviolet epifluorescence using a BP 355/ 425 exciter filter and a LP 470 barrier filter. The percentage of flowers with more than 30 germinated pollen grains in the stigma was calculated for each cultivar.
SELF-INCOMPATIBILITY. 'Angeleno' is self-incompatible and 'Simka' is self-compatible (Guerra et al., 2009 ), but no information of pollen-pistil incompatibility is available regarding 'Rubirosa' and 'Sweet August'. Thus, self-incompatibility was analyzed by hand self-pollinations carried out both in the field and the laboratory and evaluated as the possible cause for lack of fruit set in 'Rubirosa' and 'Sweet August'. The same analysis was carried out in the self-compatible cultivar Simka.
Because emasculation of flowers has been related to lack of fruit set in different japanese plum-type cultivars, self-pollinations in the field were performed in non-emasculated flowers by supplementary pollination in caged trees (Guerra et al., 2010) . For this purpose, two trees of 'Sweet August', 'Rubirosa', and 'Simka' were enclosed in 0.8-mm mesh cages before bloom to avoid the arrival of pollinator insects. Pollinations were done by hand using a thin paintbrush every other day until all flowers had opened (Rodrigo and Herrero, 2002b) . Pollen used in each pollination treatment was obtained following the method described previously. Self-pollinations were carried out in selected branches in the caged trees by self-pollinating 950 to 1500 flowers of each cultivar (Table 2) . Fruit set were established following the same method described for open pollinations.
Self-pollinations were also performed in the laboratory and analyzed by the observation of pollen tube growth along the style of the flower under the microscope. Flowers from each cultivar were collected at the balloon stage, emasculated, and maintained on wet florist foam at room temperature (Rodrigo and Herrero, 1996) . Thirty flowers per treatment were handpollinated 24 h after emasculation with pollen of the same cultivar obtained following the method described previously. Seventy-two h later, when pollen tubes were expected to arrive at the base of the style (Guerra et al., 2009) , the pistils were fixed and monitored to pollen tube observation with the same staining procedure used to observe pollen germination. The number of pollen tubes at the base of the style was recorded in at least 10 pistils per cultivar (Table 3) .
CROSS-INCOMPATIBILITY. Cross-incompatibility of 'Rubirosa' and 'Sweet August' with the cultivars coincident at flowering was investigated by crosses carried out in the field and the laboratory following the methods described for self-pollinations and compared with 'Simka' pollinated with the compatible pollenizer 'Songold' (Tables 2 and 3 ). Because errors in the nomenclature of some japanese plum-type cultivars have been detected in several commercial orchards in Spain (Guerra, 2011) , S-RNase typing was carried out in all the cultivars studied to study their cross-(in)compatibility and to confirm cultivar identity. For this purpose, genomic DNA from the cultivars analyzed was isolated from young leaves following the protocol described by Hormaza (2002) . S-RNase typing was carried out by S-RNase polymerase chain reaction (PCR) amplification using primers pairs Pru C2-PCER, and Pru T2-PCER (Tao et al., 1999; Yamane et al., 2001 ) according to Guerra et al. (2009) (Table 3) .
OVULE DEVELOPMENT. From each cultivar and pollination treatment in the field, ovule development was examined under the microscope on squash preparations in at least 10 pistils per pollination treatment (Table 2) . Ovules were scored for ovule viability through the presence of callose deposits in the chalaza of degenerating ovules (Guerra et al., 2010) . Ovule development was monitored with the same staining procedure used to observe pollen germination and pollen tube growth. Preparations were observed under a Leica DM2500 fluorescence microscope equipped with ultraviolet epifluorescence with a BP340-390 exciter filter and a LP 425 barrier filter.
STATISTICAL ANALYSES. Statistical analyses were performed with SPSS statistical software (Version 15.0; SPSS, Chicago, IL). One-way analysis of variances (ANOVA) was performed to analyze pollen germination, in which germination percentage data were subjected to arcsine root square transformation. When ANOVA generated significant differences (P < 0.05), Pearson's chi-square test of independence generated significant differences (P < 0.05), percentage separations were determined by chi-square test of independence in two-way contingency tables generated for each pairwise comparison with Yates' correction for continuity. In those cases in which expected cell frequencies were low, Fisher's exact test was implemented.
Results
Two cultivars appeared to be male-sterile and therefore were not further used in pollination experiments. 'Black Jewell' did not have pollen grains in the anthers, and 'Sybarite' displayed very few pollen grains with a very low percentage of pollen germination. Pollen viability, evaluated through in vitro pollen germination (Fig. 1A) , differed significantly between the other cultivars analyzed (Table 1) , ranging from 12.2% to 60.6% in 'Hiromi Red', 'Larry Ann', 'Rubirosa', 'Songold', 'Sweet August', and 'Simka', and these cultivars were considered as pollenizers.
To analyze if pollen was correctly transferred to the pistils, randomly fixed flowers from open-pollinated flowers were observed under the microscope. Pollen transfer was assessed through the presence of pollen at the stigma. Most openpollinated flowers in the four cultivars analyzed showed germinated pollen grains at the stigma ( Fig. 1B; Table 2 ).
Significant differences between the percentages of fruit set were observed for the different pollination treatments. Open pollination resulted in lack of fruit set for 'Rubirosa', 'Sweet August', and 'Angeleno' (Table 2) . Self-pollination also resulted in lack of fruit set in 'Rubirosa' and 'Sweet August' (Table 2 ). In the cross-pollinations, 'Rubirosa' and 'Sweet August' also displayed very low fruit set, ranging from 0% to 1.3% (Table 2) . On the other hand, fruit set in 'Simka' ranged from 4% to 6% in the different pollination treatments (Table 2) .
Ovule development was analyzed under the microscope in pistils from all cultivars and pollination treatments performed in the field. Both ovules were degenerated showing callose in the chalaza (Fig. 1C) in a variable percentage (50% to 100%) of flowers of 'Angeleno', 'Rubirosa', and 'Sweet August' from all pollination treatments in the field (Table 2) . However, all the pistils from the productive cultivar Simka presented at least one ovule well developed with no callose in the chalaza ( Fig. 1D ; Table 2 ). No differences in size were observed between degenerated and non-degenerated ovules (Fig. 1C-D) . Chi-square analysis revealed significant differences between the percentages of pistils with both ovules degenerated for the different pollination treatments (Table 2) . To evaluate if the lack of fruit set was the result of pollenpistil incompatibility, self-and cross-incompatibility were analyzed by the observation of pollen tube growth through the style in pistils of self-and cross-pollinated flowers in the laboratory. Chi-square analysis revealed significant differences between the percentages of pistils with pollen tubes at the base of the style for the different crosses (Table 3) . In all self-pollinated flowers of 'Sweet August', pollen tube growth was arrested in the style and no pollen tubes reached the base of the style ( Fig. 1E; Table 3 ), indicating that this cultivar is self-incompatible. On the other side, a variable percentage of pistils of 'Rubirosa' (36%) and 'Simka' (33%) showed pollen tubes growing along the style (Fig.  1F ) and reaching the ovary after self-pollination, indicating selfcompatibility in both cultivars (Table 3) .
S-RNase typing by PCR showed that most combinations between cultivars coincident at flowering in each orchard had at least one different S-allele and therefore were cross-compatible, and only the cross 'Rubirosa' · 'Champion' was expected to be cross-incompatible because both cultivars had the same S-genotype (Table 3) . Additionally, to confirm the results obtained by PCR, pollen tube growth was observed in flowers from some crosses. Cross-pollinations displayed variable percentages of pistils with pollen tubes reaching the base of the style. Whereas some pistils of the crosses 'Sweet August' · 'Champion', 'Sweet August' · 'Rubirosa', 'Rubirosa' · 'Hiromi Red', and 'Simka' · 'Songold' had pollen tubes at the base of the style, pollen tubes did not reach the base of the style in the pistils analyzed from the cross 'Rubirosa' · 'Champion' (Table 3) . Thus, all the crosses analyzed under the microscope were compatible except 'Rubirosa' · 'Champion' that was incompatible.
Discussion
The study of different factors intervening in the reproductive process allowed dismissal of pollen viability, pollen transfer, and pollen-pistil incompatibility as the cause of lack of fruit set in the three low producing japanese plum-type cultivars evaluated. However, premature degeneration of the ovules was identified as the factor causing female sterility and therefore lack of fruit set in these cultivars and orchards.
The percentage of fruit set in 'Angeleno', 'Rubirosa', and 'Sweet August' was very low or null and lower than expected for japanese plum in orchard conditions, which usually ranges from 2% to 6% depending on cultivars (Guerra, 2011; Guerra et al., 2010; Jia et al., 2008) , thus reflecting the records of lack of fruit set for these cultivars in the orchards analyzed in previous seasons.
'Black Jewell' and 'Sybarite' behaved as male-sterile and thus were not considered as pollenizers. Male sterility has been reported in japanese plum cultivars like First Beaut (Ramming, 1995) or Red Beaut (Herrero and Salvador, 1980) and in different offsprings (Ontivero et al., 2006) . Whereas 'Black Jewell' did not show pollen grains in the anthers as 'Red Beaut' (Herrero and Salvador, 1980) , 'Sybarite' had some few pollen grains but with very low viability. Although these two potential pollenizer cultivars were male-sterile, other cultivars in the same orchard were coincident at flowering with 'Rubirosa' and 'Sweet August' and had viable pollen that was adequately transferred to the stigmas. In the other orchard, 'Larry Ann' coincided at flowering with 'Angeleno', and its pollen was also viable and well transferred to the flowers of 'Angeleno'. Therefore, pollen viability and pollen transfer did not seem to affect the lack of fruit set in the three low-producing cultivars analyzed.
'Angeleno' is self-incompatible (Guerra et al., 2009 ) and 'Sweet August' also behaved as self-incompatible, because no pollen tubes were observed at the base of the style in selfpollinated flowers. On the other hand, some pistils of 'Rubirosa' showed pollen tubes reaching the ovary; thus, 'Rubirosa' appeared to also be self-compatible. The observation of pollen tube growth and S-allele typing by PCR showed that 'Angeleno', 'Rubirosa', and 'Sweet August' had at least one compatible pollenizer cultivar coincident at flowering in each orchard, which allowed dismissing cross-incompatibility as the cause of the lack of fruit set.
The S-RNase genotypes of 'Black Jewell' (SbSe), 'Champion' (ScSe), 'Rubirosa' (ScSe), 'Sweet August' (ScSh), and 'Sybarite' (ScSe) are reported for the first time in this study, and the S-RNase genotypes of 'Angeleno', 'Hiromi Red', 'Larry Ann', 'Simka', and 'Songold' agree with previous studies (Beppu et al., 2003; Guerra et al., 2009; Sapir et al., 2008a) .
The crossings followed by observation of pollen tube growth confirmed that 'Rubirosa' is compatible with 'Hiromi Red' and incompatible with 'Champion' and that 'Sweet August' is compatible with 'Champion' and 'Rubirosa'. These results are expected because the cultivars had different S-genotypes in the compatible crosses ('Rubirosa' · 'Hiromi Red', 'Sweet August' · 'Champion', and 'Sweet August' · 'Rubirosa') and the same S-genotype in the incompatible cross ('Rubirosa' · 'Champion'). However, it is surprising that this cross appeared to be incompatible given that 'Rubirosa' seems to be selfcompatible and has the Se-allele, which has been related to selfcompatibility (Beppu et al., 2005 (Beppu et al., , 2010 . Self-compatibility of the Se allele is caused by breakdown of the pistil function of the self-incompatible reaction (Watari et al., 2007) . If selfcompatibility of 'Rubirosa' was the result of breakdown of pistil function, it should be compatible when pollinated with pollen of the cultivar Champion. However, this cross was incompatible in this work. These results indicate that self-compatibility in 'Rubirosa' must be the result of a different type of selfcompatibility. Further research will be needed to characterize this type of self-compatibility and to determine cross-compatibility with other japanese plum-type cultivars. Cross-incompatibility of self-compatible cultivars with cultivars with the same S-genotype has been described in Prunus species other than japanese plum, like sweet cherry [Prunus avium (Sonneveld et al., 2005; Wünsch and Hormaza, 2004) ] and apricot [Prunus armeniaca (Vilanova et al., 2006; Wu et al., 2011) ]. On the other hand, the fact that most japanese plum-type cultivars are complex hybrids resulted from the hybridization of more than two diploid plum species (Byrne, 1989; Faust and Surányi, 1999; Okie, 2006) suggests that a interspecific incongruity reaction rather than a pollen-pistil incompatibility reaction could also be taking place between some cultivars.
Flower and fruit abscission results from a number of events that take place during flower differentiation (Julian et al., 2010) , the progamic phase (Rodrigo and Herrero, 2002b) , and early fruit development (Alcaraz et al., 2010) . Once other factors involved in the reproductive process were eliminated, ovule development was assessed in flowers from each treatment. The presence of degenerated ovules in flowers from open-and hand-pollinations resulted in no fruit set and the absence of degenerated ovules in flowers from fruit-setting open-and handpollinations allowed identifying ovule degeneration as one of the major causes of lack of fruit set in the three low-producing cultivars analyzed in both orchards. Most flowers of 'Angeleno', 'Rubirosa', and 'Sweet August' showed both ovules degenerated and therefore fertilization could not take place. However, all the flowers of the producing cultivar Simka had at least one welldeveloped ovule.
In other Prunus species, degeneration of the secondary ovule has been related to the accumulation of callose from the chalazal end of the nucellus to the whole ovule, which then shows clear symptoms of degeneration with a shrunken nucellus (Arbeloa and Herrero, 1991; Cerović and Mićić, 1999; Cerović et al., 2000; Guerra et al., 2010; Pimienta and Polito, 1982; Rodrigo and Herrero, 1998; Stösser and Anvari, 1982) . Although the premature degeneration of one of the two ovules is part of the normal developmental process of Prunus flowers, the degeneration of both ovules in flowers has been associated with female sterility in different Prunus species and cultivars. The implications of female sterility in Prunus are more serious than those of male sterility. Male-sterile cultivars can set fruit with pollen from other cultivars, but female-sterile cultivars cannot set fruit because they are not parthenocarpic (Hartmann and Neümuller, 2009; Sedgley and Griffin, 1989) . Although female sterility is selected against in breeding, it has been reported in other Prunus cultivars, but it is not clear what factors can be involved in the premature degeneration of the ovules. Female sterility has been considered as a varietal characteristic in sweet cherry '0900 Ziraat' (Mert and Soylu, 2007) . However, the three japanese plum-type cultivars analyzed here usually produce adequately in other orchards, and therefore female sterility can be dismissed as a genetic characteristic in these cases. In apricot 'Trevatt Blue', female sterility has been attributed to a possible mutation in the original cultivar tree from which the budwood was taken to be clonally propagated (Lillecrapp et al., 1999) . This could explain the situation recorded here, although it seems unlikely that it would occur simultaneously in three different cultivars located in two different orchards. Therefore, it seems more likely that it can be caused by external factors.
Female sterility resulting in a reduction of fruit set in other Prunus species has been related to adverse environmental conditions such as spring frosts (Rodrigo, 2000) or high temperatures before (Rodrigo and Herrero, 2002b) and after flowering (Hedhly et al., 2007 (Hedhly et al., , 2009 ). The fact that both degenerated and non-degenerated ovules showed the same size at anthesis could indicate that flowers were affected in the immediate previous days. However, no adverse environmental conditions were recorded during flower development in the cultivars and orchards under study. Female sterility has been also related to excess of pollen on the stigma in sensitive walnut (Juglans regia) cultivars (McGranahan et al., 1994) . When pollen arrives on the stigma, it induces ethylene production (Johnson and Polito, 2007) , which has been reported to induce the arrest of ovule development (Zhang and O'Neill, 1993) . Female sterility in Prunus can be also induced by the application of different external chemical treatments (Beppu et al., 2001; Herrero et al., 2000; Morenol et al., 1992; Stösser and Anvari, 1982) . Regardless of the factor causing ovule degeneration, it seems that different genotypes have a different response, because in one of the orchards analyzed, other cultivars had normal fruit sets (data not shown).
Results here revealed a high incidence of premature ovule degeneration on final fruit set in the three cultivars analyzed. The lack of fruit set in orchards with no apparent adverse environmental conditions is traditionally addressed by analyzing either the pollination process or the pollen-pistil incompatibility relationships. However, the stage of development of the ovules and their viability are not usually considered. The approach used in this work may prove valuable to other species and situations of lack of fruit set, which could help to identify the causes for premature ovule degeneration.
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